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thesis, Characterization and ecular Structure
of a Com d wit ing of
Group 13, 15 and 16 Atoms,
(Me;CCH,),InP(t-Bu), In(CH,CMe ), SePh

by

O. T. Beachley, Jr.*, Sun-Hua L. Chao, Melvyn Rowen Churchill*

and Charles H. Lake

Summary: The compound (Mc3CCH2)21;\P(t-Bu)2In(CH2CMe3)2S'ePh has been prepared
from equimolar quantities of [(Me3CCH,),InP(t-Bu),}], and [(Me3CCH,),InSePh], in
pentane solution, recrystallized and fully characterized. This mixed-bridge organoindium
species crystallized in the centrosymmetric space group P1 (No. 2) with a = 10.069(2)A, b=
11.627(4)A, ¢ = 18.452(4)A, @ = 100.74(2)°, B8 = 99.33(2)°, y = 103.38(2)°, V =
2016.9(8)A3, and Z = 2. The structure was solved and refined to R = 2.51% and wR =
2.52% for those 3747 unique data with |Fo|> 60 (|Fo|) (R = 4.51% for all 5304 data).
The two indium atoms are bridged by both a bis(tert-butyl)phosphido ligand and a
phenylselenido ligand. The four-membered In,SeP core has a puckered arrangement such

that the fold angle about the In--In axis is 20.9°.
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Compounds of the type [RyMER',},, (M = Al, Ga, In; E = N, P, As) typically have

four- and six-membered cyclic structures.l If these rings are envisioned to involve a series
of donor-acceptor bonds, it should be possible to replace a group 15 moiety (ER’,) with a
Lewis base moiety from another or replace a group 13 moiety (MR,) with a different Lewis
acid. Thus, a series of gallium and indium compounds which have two different bridging
atoms, a phosphorus or arsenic and a chlorine or bromine, have been prepared and fully
characterized. These compounds have the general formula RyME(SiMe3),MR,X (M =
Ga,E = As,R = Ph, X = CI,2 B;2 M = Ga, E = As, R = CH,CMe;,® CH,SiMe,,*
CMe;,> X = C; M = Ga, E = P,R = Ph, X = C1, M = In, E = P, R = CH,CMe;,’
CH,SiMe;,2 X = Cland M = In, E = As, R = CH,SiMej, X = C1 %). This interesting

class of mixed bridge compounds has now been extended to include a ring with group 13, 15

b 1
and 16 atoms, (Me3CCH,),InP(t-Bu),In(CH,CMe),SePh.

The compound (Me3CCH,),InP(t-Bu),In(CH,CMe1),SePh was prepared from
equimolar quantities of the two dimeric reactants, [(Me3CCH,),InP(t-Bu),], 10 and

[(Me;CCH,),InSePh], 11 in pentane solution at room temperature. The ease of formation

[(Me3CCHy)oInP(t-Bu)], + [(Me3CCHy),InSePh]; —

I L
2(Me3CCH,),InP(t-Bu),In(CH,CMe;),SePh

of the new ring structure demonstrates the lability of the original four-membered
indium-phosphorus and/or indium-selenium rings. The mixed bridge product was
recrystallized from pentane solution in approximately 75% yield and fully characterized in

solution and in the solid state including a single crystal X-ray structural study.
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The unit cell consists of two discrete molecules of

(Mc3CCH2)2InT’(t-Bu)21n(CH2CMc3)2SIcPh which are separated by normal van der Waals’
distances. There are no anomalously short intermolecular contacts. A list of interatomic
distances and angles is included in Table I. A diagram of the molecule, showing the atomic
labeling scheme, is shown in Figure 1.

The four-membered In,SeP core (Figure 2) has a puckered arrangement with the
following In-Se and In-P distances: In(1) - Se(1) = 2.769(1)A and In(2) - Se(1) =
2.748(1)A (average = 2.759A) and In(1) - P(1) = 2.653(2)A and In(2) - P(1) = 2.651(2)A
(average = 2.652A). These In-P distances are shorter then those associated with the
symmetrically bridged compound [(Me3CCH,),InP(t-Bu),],, in which the average In-P
distance is 2.701A.10 The In-Se distances are slightly elongated relative to those in the
symmetrically bridged compound [(Me3CCH,),InSePh},, which has an average In-Se
distance of 2.744A.11 The fold angle about the In(1)-In(2) axis, as defined by the angle of
intersection of the In(1) - Se(1) - In(2) and In(1) - P(1) - In(2) planes, is 20.9°. The fold
angle about the Se(1)-P(1) axis, which is defined by the angle of intersection of the planes
Se(1) - In(1) - P(1) and Se(1) - In(2) - P(1), is 19.2°. These fold angles are much smaller
then the corresponding fold angles in [(Me3CCH,),InSePh),, in which that about the

In--In axis is 30.8° and that about the Se-Se axis is 31.7°.11 In comparison,

F 1
(Me3CCH,),InP(SiMe),In(CH,CMe4),Q1 s planar,” whereas

(Me3SiCH2)21;1P(SiMe3)2In(C}{28iMe3)zél has a puckered ring with a fold angle about
the In-In axis of 33.3°. The nonbonding distances across the core in the present molecule
are In(1)In(2) = 3.954A and Se(1)P(1) = 3.631A. These distances are intermediate

between those for symmetrically bridged bis(t-butyl)phosphido and phenylselenide
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compounds. Thus, both In--In distances and (bridging ligand)---(bridging ligand) distance

P
vary in the order {(Me,CCH,),InP(t-Bu),], > (Me,CCH,),InP(t-

Bu)zln(CHZCMe3)ZSLPh > [(Me;CCH,),InSePh],. Both the present mixed-bridge
compound and the symmetrically bridged phenylselenide compound crystallize with a
puckered core. This conformation is adopted because of the low symmetry of the bridging
ligands which allows the ring to fold and reduce the total amount of steric interference
between groups attached to the central ring.11 The symmetrically bridged
bis(t-butyl)phosphido derivative has symmetrical ligands bridging the two indium atoms and
has a planar In,P, core.

The bridging phenylselenide ligand is associated with a Se(1) - C(1) bond length of
1.922(5)A and bond angles of In(1) - Se(1) - C(1) = 112.6(1)° and In(2) - Se(1) - C(1) =
101.3(2)A. The Se-C distance is identical to the Se-C distances in [(Me3OCH,),InSePh],.
The phenyl group is bent out of the In(1) - Se(1) - In(2) plane by 25.9°. The orientation of
this ligand is determined by intermolecular packing rather then intramolecular forces.

The bridging bis(tert-butyl)phosphido ligand is associated with the following
phosphorus-carbon distances: P(1) - C(311) = 1.895(5)A, P(1) - C(321) = 1.891(5)A
(average = 1.893A); the interligand angle C(311) - P(1) - C(321) is 112.2(2)°. These P-C
distances are very similar to those associated with [(Me3OCH,),InP(t-Bu),],. The plane
formed by C(311) - P(1) - C(321) intersects the In(1) - P(1) - In(2) plane at an angle of
89.2°. The equivalent angle in [(Me3CCH,),InP(t-Bu),], is 88.6°.

There are two neopenty! ligands associated with each indium atom. In-C distances are
In(1) - C(111) = 2.194(4)A, In(1) - C(121) = 2.194(5)A, In(2) - C(211) = 2.181(6)A and
In(2) - C(221) = 2.193(4)A (average = 2.191(5)A). Interligand angles are C(111) - In(1)
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- C(121) = 119.5(2)° and C(211) - In(2) - C(221) = 122.3(2)° (average = 120.9°). These
angles are intermediate between those in {(Me;CCH,),InP(t-Bu),], (average interligand
angle = 115.2°) and [(Me3OCH,),InSePh], (average interligand angle = 133.6°).
The NMR spectroscopic data confirm the existence of a single, unique compound in
benzene and toluene solutions rather than an equilibrium mixture of reactants and products.

A comparison of the 'H and 31P NMR chemical shift data for

I 1
(Me3CCH,),InP(t-Bu),In(CH,CMe;),SePh, [(Me;CCHjy),InP(t-Bu), ], 10 and
[{(Me;CCH,),InSePh}, 11 provided in Table II. It is significant that the resonance for

—
the t-butyl group protons bound to phosphorus in (Me3CCH,),InP(t-

Bu)zln(CHZCMc3)2S]cPh is a doublet at 1.36 ppm, whereas in [(Me3CCH,),InP(t-Bu), ],
the resonance for the t-butyl group protons is a triplet at 1.46 ppm.10 The trans coupling
of the protons of the t-butyl group to phosphorus in [(Me3;CCH;),InP(t-Bu),], is not
possible for the mixed-bridge compound with one phosphorus atom. The chemical shifts of
the phosphorus atoms in the 31p NMR spectra of the reactant and product differ by 11.0
ppm. The X-ray structural study identified the presence of unique neopentyl and t-butyl
groups due to the relative position of the phenyl group on selenium but these were not
observed in solution by NMR spectroscopy. The two neopentyl groups bound to indium are
equivalent as are the two t-butyl groups on phosphorus at room temperature and at -80°C in
toluene. Either the substituents on indium and phosphorus are not differentiated by the
phenyl group or, more likely, an exchange process makes the protons of each group
equivalent. The most likely process would appear to be rapid inversion of the puckered
four-membered ring, even at -80°C. Alternatively, ring cleavage and rotation would be

required.




6

The melting point and solubility properties of the bulk solid are consistent with the
molecule identified by the X-ray structural study but not consistent wngh a mixture of the
two starting compounds, [(Me3CCH,),InP(t-Bu),], and [(Me3;CCH,),InSePh],. The
melting point of the product (144 - 145°C) is sharp and higher than the melting point of
[(Me;CCH,),InSePh], (103.8 - 105.5°C)1? but lower than the decomposition temperature
of [(Me3OCH,),InP(t-Bu),], (200 - 202°C).1° The mixed bridge compound is also
significantly more soluble in pentane and benzene than either of the two compounds used to
make it. The phosphide [(Me4CCH,),InP(t-Bu),], is almost insoluble in pentane and has

insufficient solubility in benzene for a cryoscopic molecular weight study (0.01 ~ 0.10 m).11
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EXPERIMENTAL

Compounds described in this investigation were extremely sensitive to oxygen and
moisture and were handled in a standard vacuum line or under a purified argon
atmosphere. The starting compounds [(Me3CCH,),InP(t-Bu),], 10 and
[In(CH,CMe,),(SePh)], 11 were prepared and purified by literature methods. Solvents
were dried by conventional procedures. Elemental analyses were performed by E + R
Microanalytical Laboratory, Inc., Corona, NY. Infrared spectra of Nujol mulls between Csl
plates were recorded by means of a Perkin-Elmer 683 spectrometer. The 1H NMR spectra
were recorded at 400 MHz by means of a Varian VXR-400 S spectrometer. Proton
chemical shifts were reported in & units (ppm) and were referenced to CgHg at § 7.15 ppm.
The 13C{1H} NMR spectra were recorded by means of a Varian Gemini 300 at 75 MHz.
The 13C spectra were reported relative to CgD¢ at § 128.0 ppm. The 31p(1H) and 31p
NMR spectra were recorded at 161.9 MHz by means of a Varian VXR-400 S spectrometer.
The 31p spectra were reported relative to H3PO,, at § 0.0 ppm via an external standard.
All samples for NMR spectra were contained in scaled NMR tubes. Melting points were
observed in sealed capillaries under purified argon. Molecular weights were measured
cryoscopically in benzene solution by using an instrument similar to that described by
Shriver and Drezdzon.12

r ‘ 1
Synthesis of (Me;CCH,),InP(t-Bu),In(CH,CMe1)3SePh. Stoichiometric amounts of
[(Me3CCH,),InP(t-Bu),], 10 (0.251 g, 0.311 mmol) and [In(CH,CMe,),SePh], 11 (0.258

g 0.312 mmol) were combined in pentane (25 mL) at room temperature and stirred for 2 h.

The product was filtered and then recrystallized from pentane to yield X-ray quality crystals
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r 1
of (Me3CCH),),InP(t-Bu),In(CH,CMe;)3SePh (0.392 g, 0.481 mmol, 77% based on

[(Me3CCH,),InP(t-Bu),]). Mp: 144 - 145 °C. Anal. Caled for CygHsglngPSe: C, 50.08;
H, 8.28. Found: C, 50.08; H, 8.38. 1H NMR (C¢Dg) & 1.27 (s, 36 H, InOCCH3), 1.35 (d,
18 H, PCCH3, J = 14 Hz), 1.45 (s, 8H, InCHy, wy s, = 6 Hz), 691 (%, 1 H, p-H of Ph, 3J
= 7 Hz, 4] = 2 Hz), 6.98 (tm, 2 H, m-H of Ph, 3J = 7 Hz, *J = 2 Hz), 7.67 (dm, 2 H, o-H
of Ph, 3J = 7 Hz, J = 1 Hz). 1H NMR (C¢D5CD3) & 1.26 (s, InCCCH3), 1.36 (d, J = 13
Hz, PCCHs,), 145 (s, InCH,), 6.90 (¢, p-H of Ph, J = 8 Hz), 6.97 (t, m-H of Ph, J = 7 Hz),
7.62 (d, o-H of Ph, J = 8 Hz). 1H NMR (-80 °C, C¢D;CD4) § 1.25 (d, J = 13 Hz,
PCCHj), 1.29 (s, INCCCHs), 1.46 (s, InCH,), 6.75 (t, p-H of Ph), 6.85 (m, m-H of Ph),
7.64 (d, o-H of Ph, J = 7 Hz). 31P{*H} NMR (C¢Dg) 5 44.2 (s, PCCH;). 31P NMR
(C¢Dg) & 44.2 (m, PCCH,, J = 13 Hz). 31P{1H} NMR (C¢DsCD3)  46.3 (s, PCCH3).
31p{1H} NMR (-80 °C, C¢DsCD3) & 45.4 (s, PCCH;). 13C{1H} NMR (C¢Dg) 5 33.1 (s,
InCh,CMe;), 33.4 (d, PCMe3, Jop= 5 Hz), 34.8 (s, InCH,CMe,), 35.2 (d, PCMe3, Jcp =
7 Hz), 40.0 (d, InCH,CMes, Jcp = 11 Hz), 1262 (s, p-C of Ph), 128.9 (s, m-C of Ph), 135.5
(s, 0-C of Ph). IR (Nujol mull) cm~1 1576 (w), 1358 (vs, sh), 1297 (vw), 1231 (m), 1212
(vw), 1170 (w), 1112 (m), 1093 (w), 1066(w), 1017 (m), 1010 (m), 997 (m), 960 (vw), 926
(vw), 831 (vw), 804 (vw), 731 (vs), 688 (s), 661 (m), 569 (w), 462 (w), 446 (vw), 376 (vw).
Cryoscopic molecular weight, formula weight 815.48 (obsd molality, obsd mol wt,
association): 0.0512, 814.6, 1.00; 0.0379, 811.1, 0.99; 0.0239, 852.7, 1.05.

| 1
Collection of X-ray Diffraction Data for (Me3CCH,),InP(t-Bu),In(CH,CMe3),SePh.

A crystal of the mixed bridge indium species was selected and sealed into a 0.3 mm thin

walled capillary under strictly anaerobic conditions. The capillary was then mounted and
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aligned on a Siemens R3m/V single crystal diffractometer. Data collection was performed
as described previously.13 Details of the data collection appear in Table II1.

The crystal belongs to the triclinic crystal system, the space group being P1 (No. 2).
This choice of space group was made on the basis of intensity statistics and was later
confirmed by the successful solution of the crystal structure in the centrosymmetric space
group P1. All data were corrected for Lorentz and polarization effects. An empirical
absorption correction was applied. A total of 10608 reflections (a complete shell with 28 =
5° to 45° for Mo Ka radiation) were collected and merged (Ry,,, = 1.69%) into a unique
set of 5304 reflections.

Solution and Refinement of the Structur~. All crystallographic calculations were
carried out with the aid of the Siemens SHELXTL PLUS program set.1% The analytical
scattering factors for neutral atoms were corrected for both components (Af' and iAf") of
anomalous dispersion.15

The structure was solved by the use of direct methods. Positional and anisotropic
thermal parameters for all non-hydrogen atoms were refined. Hydrogen atoms were placed
at calculated positions with d(C-H) = 0.96A 16 and the appropriate staggered tetrahedral
geometry. The isotropic thermal parameter of each hydrogen atom was fixed equal to the
Ueq value for that carbon atom to which it was bonded.

Refinement converged with R = 2.51% and wR = 2.52% for 344 parameters refined
against those 3747 reflections with |Fo| > 60 (|Fol), and R = 4.51% for all data. During
refinement the structure was corrected for the effects of secondary extinction. This was
done by refining the parameter y in the expression F* = F [1+0.0021F2/sin(20)]'1/ %, the

final value for x was 1.4 (4) x 10-%. Following refinement, the extreme features left on the
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difference-Fourier map were a peak of 0.94¢A"3 and a negative feature of 0.68¢A-3. Final

atomic coordinates appear in Table IV.

Acknowledgements. This work was supported in part by the Office of Naval Research
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Table 1

Selected Bond Lengths and Bond Angles for

1
(MC3CC]‘12)210'}("BU)21B(C}*2CMC3)2s¢Ph

Bond lengths (A)

In(l)-Se(1) 2.769
In(1)-C(111) 2.194
In(2)-Se(l) 2.748
In(2)-C(211) 2.181
Se(1)-C(1) 1.922
P(1)-C(321) 1.891

Bond angles

Se(1)-In(1)-P(1)
P(1)-In(1)-C(111)
P(1)-In(1)-C(121)
Se(1)-In(2)-P(1)
P(1)-In(2)-C(211)
P(1)-In(2)-C(221)
In(l)-Se(1)-In(2)
In(2)-Se(1)-C(1)
In(1)-P(1)-C(311)
In(1)-P(1;-C(321)
C(311)-P(1)-C(321)
Se(1)-C(1)-C(6)
€(1)-C(2)-C(3)
C(3)-C(4)-C(5)
C(1)-C(6)-C(5)

1)
(4)
(1)
(6)
)
()

-]

«)

84

.1(1)
117.
114.

84.
108.
116.

91l.
101.
114.
110.
112,
123.
119.
121.
119.

1Q1)
0(1)
5(1)
9(2)
6(1)
6(1)
3(2)
8(1)
1(2)
2(2)
7(4)
9(5)
1(8)
7(5)

In(2)-C(211)-C(212) 124.9(3)
In(2)-C(221)-C(222) 123.5(3)

2.653
2.194
2.651
2.193
1.895

In(1)-P(1)
In(1)-C(121)
In(2)-P(1)
In(2)-C(221)
P(1)-C(311)

Se(l)-In(1)-C(111)
Se(1)-In(1)-C(121)
C(111)-In(1)-C(121)
Se(1)-In(2)-C(211)
Se(1)-In(2)-C(221)
C(211)-In(2)-C(221)
In(l)-Se(l)-C(1)
In(1)-P(1)-In(2)
In(2)-P(1)-C(311)
In(2)-P(1)-C(321)
Se(1)-C(1)-C(2)
C(2)-C(1)-C(6)
€(2)-C(3)-C(4)
C(4)-C(5)-C(6)
In(1)-C(111)-C(112)

In(1)-C(121)-C(122)

(2)
(5)
(2)
(4)
&)

105.
109.
119.

106

122
112

112

119
120

9(1)
4(1)
5(2)

.7(2)
111.

0(1)

.3(2)
.6(1)
96.
4(2)
110.
116.
.8(5)
.3(7)
119.
120.

120.

4(1)

0(2)
5(4)

1(6)
0(3)

7(4)
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Table 11

Comparison of 1H and 31P NMR Data

r 1
(Me3CCHy) o InP(1-Bu) g1n(CHyCMe ) o SePh [(Me3CCH,)olnSePh) | [(Me3CCH)oInP(1-Bu),],

1.26 (s) 112 (5)
1.36 (d) -

1.45 (s) 147 (s)
691 (1) 6.94 (m)
6.98 (tm)
7.67 (dm) 744 (m)
4“2 -
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Table 111

Experimental Data for the X-Ray Diffraction Study of

(Me3CCH,),InP(1-Bu),In(CH,CMe 3),ScPh

Crystal Data

Empirical Formula 034 “67 In2 P Se

Crystal System Triclinic

Space Group 1 31

Unit Cell Dimensions a = 10.069(2) A
b = 11.627(4) A
c = 18.452(4) A

a = 100.74(2)°

g - 99.33(2)°
+ = 103.38(2)°
Volume 2016.9(8) A3
YA 2
Formula weight 815.4
Density(calc.) 1.343 Hg/m3
Absorption Coefficient 1.996 —

F(000) 836




Table 111 (Cont.)

Data Collection

Diffractometer Used
Radiation
Temperature (K)
Monochromator

26 Range

Scan Type

Scan Speed

Scan Range (w)

Background Measurement

Standard Reflections

Index Ranges

Reflections Collected
Independent Reflections
Observed Reflections
Absorption Correction

Min./Max. Transnission

16

Siemens Rin/V
MoKa (A = 0.71073 A)
297
Highly oriented graphite crystal
5.0 to 45.0°
20-4
Constant; 2.00°/u1n. inw
0.50° plus Ka-separation

Stationary crystal and stationary
couriter at beginning and end of
scan, each for 25.0% of total

scan time
3 measured every 97 reflections

~10 s h <10, ~12 < k 5 12
-19 5 2 < 19

10608

5304 (R, . = 1.69%)
3747 (F > 6 .0(F))
Seni-empirfical
0.5447 / 0.7183
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Table 111 (Cont.)
Solution and Refinement
System Used Siemens SHELXTL PLUS (VMS)
Solution Direct Methods
Refinement Method Full-Matrix Least-Squares
Quantity Minimized : Ew(FO-Fc)2
Extinction Correction x = 0.00014(4), where

F = F [ 1+ 0.002xF/sin(26) ] 2/%
Hydrogen Atoms Riding model, fixed isotropic U
Veighting Scheme vl 02(1“) + 0.0002F?

Number of Parameters refined 344

Final R indices (all data) R=~4.518, wRe= 33918

R Indices (6¢ dats) R=2.518, wRe2,521%
Goodness-of-Fit 1.07

Largest and Mean A/o 0.002, 0.000
Data-to-Parameter Ratio 15.4:1

Largest Difference Peak 0.94 eA™>

Largest Difference Hole -0.68 eA™>




Table IV

In(1)
In(2)
Se(l)
P(1)
cl)
C(2)
Cc(3)
C(4)
C(5)
C(6)
€(111)
€(112)
C(113)
C(114)
C(115)
c(121)
C(122)
c(123)
C(124)
€(125)
C(211)
C(212)
€(213)
C(214)
C(215)
€(221)
€(222)
€(223)
C(224)
€(225)
C(311)
C(312)
€(313)
C(314)
€(321)
€(322)
€(323)
C(324)

18

Final Atomic Parameters for

610(1)
3010(1)
878(1)
3058(1)
-561(5)
-868(6)
-1835(8)
-2519(7)
-2235(6)
-1245(5)
-1239(5)
-1960(5)
-928(6)
-3082(6)
-2680(6)
719(5)
121(5)
-111(7)
-1283(5)
1133(6)
2057(6)
2292(7)
3653(8)
1591(12)
1430(8)
4809(5)
4695(6)
6081(7)
3567(7)
4377(7)
3167(5)
3227(7)
4403(6)
1824(6)
4517(5)
5959(5)
4410(6)
4346(5)

y

2779(1)
5779(1)
5248(1)
3494(1)
5742(5)
6786(5)
7235(7)
6644(7)
5596(6)
5145(5)
2048(4)

676(4)

-61(5)

397(5)

297(5)
2011(5)
2511(5)
1551(6)
2762(6)
3687(5)
5922(5)
7032(6)
7774(9)
7851(8)
6863(7)
7192(4)
8129(5)
9118(6)
8723(6)
7535(6)
2676(4)
1368(5)
3360(6)
2615(5)
3437(5)
3966(6)
2143(5)
4203(S)

(Me;CCH,),1hP(t-Bu),In(CH,CMe ), ScPh

2719(1)
2407(1)
3154(1)
2348(1)
2572(3)
2913(3)
2515(5)
1819(5)
1460(4)
1849(3)
1791(3)
1567(3)
1431(4)

839(3)
2186(3)
3719(3)
4390(3)
4858(3)
4119(3)
4887(3)
1289(3)
1015(3)
1129(5)
1538(5)

232(3)
3140(3)
3816(3)
4080(3)
3600(3)
4453(3)
1379(3)
1352(3)
1116(3)

837(3)
3116(3)
2976(3)
3232(3)
3832(3)

U(eq)

41Q1)
38(1)
45(1)
39(1)
50(2)
70(3)
94 (4)
92(4)
81(3)
58(2)
47(2)
54(2)
89(3)
86(3)
67(3)
55(2)
55(2)
90(3)
74(3)
74(3)
75(3)
74(3)
186(6)
182(7)
123(4)
51(2)
59(2)
105(3)
93(3)
89(3)
54(2)
89(3)
91(3)
69(3)
51(2)
81(3)
74(3)
62(2)

* Equivalent isotropic U defined as one third of the
trace of the orthogonalized Uu tensor
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Captions to Figures

r
Figure 1. Labelling of atoms in the (Me3CCH2)2!nP(t-Bu)2ln(CH2CMe3)251cPh
molecule. [ORTEP II diagram, with all hydrogen atoms omitted.}

Figure 2. The (C),InP(C),In(C),S¢(C)¢ fragment of the molecule showing the
puckered core.
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